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ABSTRACT
The fa te  of bentazon, 3-1sopropyl-lH -2 ,l,3 -benzothiad iazin -4
(3H)-one-2,2-dioxide, In Sharkey s i l t y  clay loam, Commerce loam,
Latanier c lay, and Norwood s i l t  loam so ils  was investigated. The 
14d istribu tion  of C label was found to vary with so il type, s t e r i l i t y ,
and time. Bentazon was very mobile in  a l l  so ils  studied, especially
in the Latanier s o il.
Attempts to determine the d is trib u tio n  o f ^C  components in ^ C -
bentazon treated so il were made using several solvents and extraction
14techniques. More C remained in the fin e  textured so ils a fte r  
extraction than in the medium textured s o ils . There was less acetone 
extractable ^C  in nonsterile than s te r ile  s o il.  In a l l  s o ils , both
s te r ile  and nonsterile , the ultrasonic cleaner removed approximately
14 1475% of acetone extractable C. The amount o f bentazon in C acetone
extracts was less and the amount o f AIBA {2-amino-N-isopropyl benzamide) 
14and other C containing residues was greater in Sharkey soil than
other so ils . AIBA was the major metabolite id e n tif ie d . There was less
bentazon and more AIBA in nonsterile than in s te r ile  acetone extracts.
14There was a general increase in the C remaining in  the soil and the 
14COg evolved with increasing time. At 96 and 144 days, there was an
apparent decrease in bentazon and increase in AIBA in the acetone 
14extractable C.
v i i i
In so il treated 15 months p rio r to ex traction , the most e f f ic ie n t
solvent fo r  removal o f from ^C-bentazon treated so ils  was methanol-
142JY hydrogen chloride which removed over two-thirds the C. Methanol
14and water removed approximately one-s1xth and one-fourth of the C,
respectively. The V ir t is  homogenizer was more e ffe c tiv e  fo r extraction
than the ultrasonic cleaner. Extraction with acetone using the
ultrasonic cleaner and the V ir t is  homogenizer followed by extraction
with methanol-2N hydrogen chloride via the V ir t is  homogenizer removed
over one-half of the ^ C . Some enzyme treatments were useful in  the
removal of residual from methanol-2N hydrogen chloride extracted  
14C-bentazon treated s o il.
INTRODUCTION
Bentazon, 3-isopropyl-1H-2,1 ,3-benzothiad1azin-(4 )3H-one-2,2 - 
dioxlde, has shown promise as a postemergence herbicide fo r contro lling  
common cocklebur (Xanthium pensylvanicum W a llr .) (BASF Wyandotte Corp., 
1973b). In Louisiana, as in many other Southern states, cocklebur can 
severely reduce yie lds in soybeans. Although the herbicide, 2-4-DB 
[4-(2,4-dichlorophenoxy) butyric acid] may e ffe c tiv e ly  control cockle­
bur in soybeans (McWhorter and Hartwig, 1966), many farmers are 
reluctant to use th is  chemical because of its  in i t ia l  hyponastic 
growth e ffe c t upon soybeans and because of its  phytotoxicity to other 
crops such as cotton (Gossypium hirsutum) .
I t  is  anticipated th a t bentazon w ill be widely used throughout 
Louisiana fo r postemergence control of cocklebur in soybeans. Hence 
i t  is  important that the environmental fa te  of th is  compound in the 
soil be known. To gain insight in to the interactions of bentazon 
with the s o il ,  laboratory investigations were undertaken with the 
following objectives:
(1) To determine the adsorption and leaching patterns 
of bentazon in selected soil types typical o f areas 
where soybeans are widely grown.
(2) To study the e ffe c t of so il microorganisms in the 
fa te  o f bentazon in so ils .
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14(3) To develop techniques to recover residual C from 
14C-bentazon treated so ils .
LITERATURE REVIEW
General
Bentazon is an odorless, white c rys ta llin e  solid which is p a rt ia lly  
soluble in water (500 ppm) and very soluble in acetone (1 .5  g /m l). The 
chemical was developed by Badisclie Anil in and Soda-Fabrik AG as a
HiIton et a l . ,  1974).
The herbicidal a c tiv ity  of bentazon was f i r s t  described by Fischer 
(1968). Several workers have evaluated the postemergence a c tiv ity  of 
bentazon under a varie ty  of f ie ld  conditions (Abernathy and Wax, 1971, 
Anderson and Z iebart, 1971, Wax, 1971, Wax e t a l . ,  1971, Weishar et a l . ,  
1971, Wuerzer e t a l . ,  1972). Bentazon has been shown e ffec tive  as a 
postemergence herbicide against a large number of broadleafed weeds, 
such as common cocklebur, prickly sida ( Sida spinosa L . ) ,  and spurred 
anoda [Anoda c ris ta ta  (L .) Schlecht]. Soybeans appear to have the 
largest market potential fo r bentazon. Other crops on which bentazon 
may be used are sugarcane (Saccharum officinarum L . ) ,  tu r f ,  corn ( Zea 
mays L .) ,  wheat (Triticum spp. ) ,  rye ( Secale cereale L.)> oats (Avena 
sativa) ,  potatoes ( Solanum tuberosum L .) ,  and peanuts (Arachis hypogaea 
L .) (BASF Wyandotte Corp., 1973b).
Bentazon should be used in soybeans at rates ranging from 0.56 to 
1.68 kg a .i . /h a  in 40 to 150 l ite rs  of water. Basagrarfi^is most
herbicide under the tradename Wyandotte Corp., 1973b
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commonly formulated as a 0.48 kg a . i . / I i t e r  em ulsifiable concentration 
(BASF Wyandotte Corp., 1973a).
Rogers and co-workers (1974) demonstrated that bentazon applied as 
a postemergence (over-the-top) treatment provided good control of 
cocklebur less than 40-45 cm in height i f  the cocklebur were not under 
drought stress. Andersen and co-workers (1974) reported that the f i r s t  
t r i fo l ia te  stage of soybeans was the optimal time fo r use of bentazon 
to control susceptible weeds, however phytotoxicity may resu lt i f  
applied to soybeans growing in waterlogged s o ils . In studies with 
soybeans, S tro lle r  et a l . (1975) found that a postemergence application  
of bentazon would control yellow nutsedge (Cyperus esculentus L .) 
including its  parent tubers. Johnson (1975) demonstrated excellent 
control of purple nutsedge (Cyperus rotundus L .) in fiv e  turfgrasses 
when treated in la te  spring.
Bentazon has very lim ited preemergence a c t iv ity , however, i t  has 
been shown to control nutsedge (Cyperus spp.) and bulrush (Juncus spp.) 
in paddy rice  (Oryza spp.) via soil water treatment (Mine and Matsunaka) 
Germination of radish (Raphanus sativus L .) seeds, a susceptible species 
was not inhibited by bentazon (Mine and Matsunaka, 1975).
At low application ra tes , surfactant (0.25 - 0.5% V/V) should be 
added to increase herbicidal a c tiv ity  (BASF Wyandotte Corp., 1973b). 
Doran (1973) suggested the use of oil-adjuvants to overcome the d e tr i­
mental effects of ra in fa ll on the a c tiv ity  of fo lia r ly  applied bentazon 
to ve lve tlea f (AbUtilon theophrasti Medic.) and cocklebur. Nalewaja and 
Pudelko (1973) demonstrated that the influence of environmental factors
5
such as humidity and r a in fa l l ,  on the bentazon control of redroot 
pigweed (Amaranthus retroflexus L .) could be overcome with the 
addition of a surfactant.
Leaching
Leaching of a herbicide is dependent on the characteristics of the 
herbicide, the duration and in tensity  of r a in fa l l ,  and the interactions  
with the soil matrix { H i l l ,  e t a l . ,  1955). Upchurch and Pierce (1957a) 
suggested that a t least two steps are involved in the leaching of a 
herbicide -  the entrance of the herbicide into soil solution and adsorp­
tion . Upchurch and Pierce (1958) concluded that soil temperature does 
not greatly influence the entrance into solution of a herbicide from 
solid partic les . A temperature increase would be expected to favor 
desorption* and reduce adsorption (Bailey-White, 1964). The adsorption 
of a herbicide may also be effected by soil pH (B ailey, e t a l . ,  1968).
Abernathy and Wax (1973) investigated the m obility and adsorption 
of bentazon in twelve I l l in o is  soils and with several synthetic resins. 
Bentazon in an aqueous solution a t pH 5 was not adsorbed by any of the 
soils or by the cation exchange resin, carboxymethylcellulose (CMC). 
However, the herbicide was completely adsorbed by the anionic exchange 
resin, diethyl ami noethyl cellulose (DEAE) and by charcoal. Solutions 
of bentazon at pH 5 and pH 7 were put in e le c tric a l fie ld s  and bentazon 
migrated to the anode. From these observations, i t  was concluded that 
bentazon behaves as an anion in solution, thus accounting fo r the lim ited  
adsorption in the soil and CMC, and the adsorption to the DEAE and
charcoal.
In studies using soil thin layer plates and water as the solvent 
system, the Rf of bentazon was 1.0 (Abernathy and Wax, 1973). The Rf's  
of diuron were investigated by Helling (1971) in fourteen soils and 
ranged from 0.61 in Norfolk sandy loam soil (C.E.C. = 0.2 meq/lOOg) 
to 0.14 in Barnes clay loam soil (C.E.C. = 33.8 meq/lOOg).
H ill (1955) showed evidence of leaching of diuron in laboratory 
experiments using a porous soil and high volumes of water, but i t  was 
concluded that leaching would not be a major factor in dissipation  
under f ie ld  conditions. Liu e t a l.  (1970) using the slurry technique, 
studied the adsorption of diuron in 34 Puerto Rican so ils . A high 
correlation was found between adsorption of diuron and the cation 
exchange capacity and organic matter content of the s o il.
Bentazon has been shown to leach out of the zone of biological 
a c tiv ity  in the soil and probably is  leached to the underground water 
supplies, although the la t te r  point is only speculative (BASF Wyandotte 
Corp., 1972). S tro lle r  et a l.  (1975) using lysimeters, studied the 
leaching of bentazon applied a t 3.36 kg/ha to four I l l in o is  soils under 
f ie ld  conditions. They recovered less than 2% of the applied chemical 
although rates of bentazon were four times that which is recommended 
fo r use. Bentazon has been shown to be readily leachable in a loamy 
sand soil and in a sandy clay loam soil (Drescher and Otto, 1972a).
Organic matter was shown to retard the rate of leaching of bentazon 
(Drescher and Otto, 1972a). I t  was shown that a high organic matter 
content had a greater e ffec t on the retardation of leaching of bentazon
than did a high clay content (Abernathy and Wax, 1973). Bentazon was 
not adsorbed to any practical degree by a muck soil (Drescher, 1973a). 
The organic matter content (61%) of the muck soil did retard , but did 
not prevent the leaching of the herbicide.
I t  was concluded that bentazon was extremely mobile in the soil 
because of its  strong anionic nature and because of its  high water 
s o lu b ility  (Abernathy and Wax, 1973). Leaching of in bentazon 
treated soil was moderated under conditions conducive fo r rapid 
metabolism (Schirmer, 1975). An investigation was conducted to deter­
mine the tendency of the major soil metabolite, 2-amino-fMsopropyl 
benzamide (AIBA) to leach in a loamy sand soil (Drescher, 1972b). The 
metabolite was only s lig h tly  adsorbed to the soil and was therefore 
found to be readily leachable.
Bound 14C
14Attempts were made to extract the bound C from NaOH extracted
14C-bentazon treated soil using saturated MgC^ and concentrated HC1, 
however e ffo rts  were not successful (Drescher and Otto, 1973a).
In another study (Otto, 1972), soybeans were treated fo lia r ly  with
14C-bentazon and harvested a fte r  30, 50, 60 and 90 days. The plants
were extracted with methanol and these data indicated that as time
14a fte r  treatment increased, so did the amount of conjugated C. To
14release th is conjugated C, 10 ml of benzene extracted methanol extract 
was added 200 ml rumen flu id  and incubated under anaerobic conditions. 
Aliquots were taken a fte r  2, 4 , and 20 hours, ac id ified  to pH 1, and
then extracted with benzene and ethyl acetate. A fter 20 hours, 86.3% 
of the conjugates were cleaved and id e n tified .
Foy e t a l.  (1973) characterized the methazole and meta­
bolites in methanol extracted shoot and root residue and in a polar 
fraction of the methanol shoot extract via enzyme digestion, th in  layer 
chromatography, and liqu id  s c in tilla tio n  spectrometry. The various 
treatments were as follows: c itra te  buffer (pH 4 .7 );  c itra te  buffer + 
6-glucosidase; phosphate buffer (pH 7 .0 ); phosphate buffer + e-gluco- 
sicade; phosphate buffer + proteolytic enzymes; phosphate buffer + 
mixture of a ll  enzymes. They found that incubation of the residues or 
"origin" material with enzymes and/or buffer yielded 3-(3 ,4 -d ich lo ror 
phenyl) urea [DCPU], 3-(3,4-dichlorophenyl)-l-m ethylurea [DCPMU], and 
very l i t t l e  methazole, in addition to an unidentified compound which 
remained a t the o rig in . The buffers seemed to be responsible fo r the
release of the bulk of the bound ^ C , however, some of the enzymes did
14show a marked increase in the release of C. The proteolytic enzymes, 
g-glucosidase (pH 4 . 7 ) ,  and the mixture of a ll enzymes were most 
effective  in releasing ^ C , mostly as DCPU from the root residues and 
"origin" material and as DCPMU from shoot residues.
Soil Metabolism
Drescher and Otto (1973b) found that bentazon was not persistent in  
the soil and stated that in a loamy sand soil its  ha lf l i f e  was 2 - 5  
weeks. In a loamy sand s o il, bentazon, a t rates of 2, 5 and 10 ppm was 
degraded in 10, 15 and 25 weeks, respectively. In fin e  textured so ils ,
i t  took longer for bentazon to degrade,
14AIBA was the primary C metabolite extracted from soil treated  
with bentazon (Drescher and Otto, 1973b). These workers found 
that AIBA was metabolized a t a faster rate than bentazon. In addition 
to AIBA as the primary soil metabolite o f bentazon, N-(isopropylsulfa- 
moyl) an thran ilic  acid (NISAA) and an thran ilic  acid (AA) were also 
detected, however i t  was questionable as to whether the la t te r  compounds 
are true degradation products or a rtifa c ts  caused by experimental 
technique (Drescher and Otto, 1973a). Kupelian (1975) stated that 
hydroxylation of bentazon can occur in the s o il.
Degradation of bentazon in soil occurred a t a faster rate at room 
temperature (22 + 3°C) than a t 8 -  10°C or at 37°C (Drescher and Otto, 
1972b). The color of a soil has an e ffe c t on the soil temperature of 
the upper layers of the s o il. The lig h te r soil w ill have a lower 
temperature than the dark (Bailey -  White, 1964). Soil moisture up to 
5456 of f ie ld  capacity had no e ffec t on the breakdown of bentazon 
(Drescher and Otto, 1972b). Bentazon was degraded more rapidly in  
soils with pH of 4.6 and 5.5 than in a soil a t pH 6.4  (Drescher and 
Otto, 1972b).
Many herbicides may undergo a p a rtia l microbial degradation
followed by an enzymatic breakdown or a condensation with amino or
carbonyl constituents to form 'humic lik e  substances' (Stevenson, 1972).
14Schirmer (1975) found that C bentazon rapidly dissipated from the 
soil via microbial and photolytic degradation and the binding of the 
with the soil humic frac tion . The in bentazon treated soil
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became more d i f f ic u lt  to extract with methanol as time increased. No 
explanation fo r th is  phenomenon was given (Drescher and Otto, 1972b). 
Bozarth and Funderburk (1971) studied the degradation of t r i f 1uoromethyl- 
^C-fluormeturon in autoclaved, nonautoelaved, and glucose amended 
nonautoclaved sandy loam so ils . Degradation occurred 1n a ll  three 
treatments; degradation in the autoclaved so il was considered nonblo- 
lo g ica l. Degradation occurred more rapidly in the amended soil than in  
the unamended nonautoclaved s o il,  indicating that there was microbial 
degradation. Stevenson (1972) concludeu that nonbiological breakdown 
of some herbicides can be promoted by the organic fraction  of the s o il,  
such as the reducing action of humic substances.
The e ffec t of bentazon on the soil m icroflora was studied using 
standard plate counts, and biochemical and microscopic id e n tific a tio n . 
Bentazon had no s ig n ifican t e ffe c t on the soil m icroflora, and there were 
no major groups of heterotrophic organisms eliminated nor did any 
increase in number (Prince, 1971). Bentazon was characterized as only 
s lig h tly  to moderately antim icrobial.
Over a 28 week period, bentazon a t rates as high as 400 kg/ha did 
not appreciably a ffe c t soil respiration in unamended soil (BASF 
Wyandotte Corp., 1971). In soils enriched with glucose, starch, 
cellu lose, or wheat straw, rates of bentazon to 40 kg/ha had no 
sign ifican t influence on soil resp iration . However, a t 400 kg/ha 
bentazon did not in h ib it  so il resp iration . I t  was concluded that at 
normal f ie ld  ra tes , bentazon had no detrimental e ffe c t on soil 
respiration.
Bentazon a t rates of 40 kg/ha had no adverse effects on soil 
n itr if ic a t io n , however rates of 400 kg/ha did decrease n itr if ic a t io n  
(BASF Wyandotte Corp., 1971). I t  was concluded that a normal f ie ld  
rates, bentazon has no detrimental effects on soil n itr i f ic a t io n .
Jung (1972) demonstrated in laboratory studies that a t concen­
trations of IX to 1 OX normal application rates of bentazon, COg 
production was not appreciably affected in a loam soil supplemented 
with straw, cellu lose, starch, or glucose, however a t rates of 100X, 
CO2 production was inhib ited . Rates of 100X had no observable e ffec t 
on soil n itr i f ic a t io n . Jung concluded that a t normal f ie ld  rates, 
bentazon would not a ffe c t biological a c tiv ity  of s o il.
Of the sixteen fungal and bacterial isolates which increased in 
number treated with bentazon, two of the fungal isolates were shown to 
be capable of u t iliz in g  bentazon as a sole source of carbon (Rieck et 
a l . ,  1972). Metabolism was not identical in both fungal species, 
although AIBA, NISAA, and AA were shown as common metabolites.
In a review of herbicidal action on soil microflora, Audus, (1970) 
concludes that at the present time there is no serious danger in the 
disruption of the equilibrium of the soil microbial population by 
herbicide pollution . However, he does concede that i t  could become a 
problem in the future and therefore should be closely monitored.
Photolysis of Bentazon
Eastin (1974b) investigated the photolysis of bentazon. He found 
at least four breakdown products using th in layer chromatography and
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concluded that bentazon was degraded more rapid ly by shortwave u ltra ­
v io le t lig h t than by longwave u ltra v io le t lig h t or growth chamber lig h t .
He found bentazon not to be v o la t i le , but that in  lig h t i t  was 
converted to a more v o la tile  compound.
In another study, the e ffec t of u ltra v io le t lig h t on the s ta b il ity  
of bentazon in an aqueous solution was investigated by Drescher (1972a).
The solution was irrad iated  through a 1 mm glass window fo r 20 hours, 
and no appreciable photodegradation of bentazon occurred. The results  
of this study are questionable because u ltra v io le t lig h t does not 
readily transmit thorugh glass.
Bentazon in Plants
Mahoney and Penner (1975) isolated at least four ^C-conjugates from 
fu lly  mature soybeans which has been treated with bentazon. Canniz­
zaro (1975) reported that bentazon was rapidly degraded via hydroxylation 
to a 5- and 8-hydroxyben.tazon in soybeans. Metabolism of bentazon in 
fo lia r ly  treated and nutrient solution treated soybeans was q u a lita tiv e ly  
the same, but was quan tita tive ly  d iffe re n t. Bentazon was metabolized 
faster via root uptake than by fo lia r  uptake (Mine and Matsunaka, 1971a). 
Metabolism of bentazon by wheat and soybean is q u a lita tiv e ly  the same 
(Otto and Drescher, 1971b). Metabolites of bentazon in spring wheat 
appeared as water soluble conjugates, probably carbohydrate in nature, 
which could be hydrolyzed to y ie ld  bentazon (Otto and Drescher, 1971b). 
Eastin (1974a) demonstrated that fo lia r ly  applied ^C-bentazon was 
metabolized in rice leaves. Only traces of ^C  were translocated from
14the leaves to the mature panicle. In C-bentazon root treated rice  
(res is tan t) and Cyperus serotinus (susceptible), 95% and 5 -  15%, 
respectively, o f the bentazon was metabolized a fte r  7 days. The primary 
metabolite found in rice was water soluble and read ily  hydrolyzed to 
bentazon with HC1 (Mine, 1974). Treatment o f navy bean (Phaseolus 
vulgaris L .) with preplant incorporation treatments of a ,a ,a  - t r if lu o ro -  
2, 6-d in itro -M -d ipropyl-g -to lu id ine ( t r i f lu r a l in )  and S-ethyl dipropyl- 
thiocarbamate (EPTC) and preemergence applications of 3-amino-2,5- 
dlchlorobenzoic acid (chloramben) did not In h ib it the metabolism of 
bentazon; EPTC did however s ig n ifican tly  increase bentazon metabolism 
(Mahoney and Penner, 1975).
Fo liar applications of ^C-bentazon to spring wheat indicated that 
there was no movement o f 4̂C out o f the treated le a f. Since there was 
no movement from the treated area, and the wheat when sprayed had no 
seed, bentazon residues in the grain were suggested to be non-existent 
(Otto and Drescher, 1971b). In f ie ld  studies, no (< 0 .0 5  ppm) residues 
were found at harvest in the seed and straw of soybeans treated with a 
postemergence application of 0.48 -  4.48 kg/ha, nor were any bentazon 
residues found in the soil (Cannizzaro, 1975).
Herbicidal a c tiv ity  of soil applied bentazon increased with soil 
moisture, with maximal a c tiv ity  occurring under flooded conditions (Mine, 
et a l . ,  1973). Bentazon has shown some phytotoxicity to soybeans grown 
under poor drainage conditions (Andersen, e t a l . ,  1974). Penner (1975) 
confirmed these findings and suggested soybean roots actively absorb 
bentazon under flooded conditions. Mine and co-workers (1974)
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demonstrated that bentazon is readily absorbed and translocated to
the leaves of plants when applied under flooded conditions.
14In soybeans and navy beans fo lia r ly  treated with C-bentazon,
the label moved prim arily , but not exclusively in an acropetal
direction (Mahoney and Penner, 1975). Soybeans were treated with
nutrient solution containing 10 ppm ^C-bentazon. A fter 8 days the
plants were harvested and autoradiographed. I t  was shown that bentazon
was taken up via the roots in soybeans and translocated acropetally
(Otto and Drescher, 1971b). Uptake and translocation of fo lia r ly
applied bentazon by soybeans is a slow process, whereas root uptake is
14re la tiv e ly  fas t (Mine and Matsunaka, 1971b). Fo lia r treatments of C-
bentazon to single leaves of soybean plants shows essentia lly  no 
movement even 35 days a fte r  treatment. Autoradiographs indicated 
no translocation of ^ C , however when the plants were assayed for ^ C ,
1.8% of ^4C had moved from the treated le a f (Otto and Drescher, 1971).
Trans location of fo lia r ly  applied bentazon increased with a corres­
ponding increase in temperature (W ills and McWhorter, 1972).
W ills (1973a) studied the e ffec t o f temperature and re la tiv e  humidity on 
the phytotoxicity of bentazon to cocklebur. Combinations of two temper­
atures (25°C, 35°C) and two re la tive  humidities (40%, 95%) were 
investigated. Phytoxicity of bentazon was greatest at 25°C and 40%
RH and was least at 35°C and 95% RH.
. . 14
Wil ls (1973b) investigated the translocation of C-bentazon as
affected by lea f age in cocklebur, purple nutsedge, cotton, and soybeans.
14Movement of C from the treated leaves of cocklebur, cotton and soybeans
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was evident from the older leaves to the less mature parts of the plant.
14There was, however, a s lig h t basipetal movement of C from the older 
leaves of soybeans. The essentia lly  remained in the treated leaves 
of the purple nutsedge.
The basis fo r s e le c tiv ity  between Canada th is tle  [Cirsium arverse 
(L. )  Scop.] (susceptible) and soybeans (to le ran t) was suggested by 
Penner (1975) as increased spray retention and a slower metabolism of 
bentazon in Canada th is tle  than soybeans. Mahoney and Penner (1975) 
concluded the same basis fo r bentazon s e le c tiv ity  in to lerant navy beans, 
moderately to leran t black nightshade ( Solanum nigrum L .) and susceptible 
cocklebur. In nutrient cu lture, rice  tolerated up to 50 ppm bentazon 
whereas nutsedge was sensitive a t 3 ppm (Mine and Matsunaka). They 
concluded that the s e le c tiv ity  o f bentazon between rice  (to le ran t) and 
nutsedge (sensitive) was not due to d iffe re n tia l absorption, but was 
due in fac t to d iffe re n t metabolism. Zaunbrecher and Rogers (1973) 
concluded that the d iffe re n tia l tolerance of bentazon to cocklebur and 
soybean was not due to d iffe re n tia l absorption and translocation.
Hayes and Wax (1974) found that fo l ia r ly  applied bentazon was 
absorbed faster and metabolized slower in the sensitive soybean 
cu ltiv a r (PI 229.342) than in the to lerant (Clark 63) c u ltiv a r. W ills  
and McWhorter (1974) demonstrated an increase in s e n s itiv ity  with an 
increase in translocation of the ^C  label in soybeans treated with a 
fo lia r  application of ^C-bentazon. Wax and co-workers (1974) observed 
a tolerance at 3.4 kg/ha postemergence application of bentazon in seven 
commercial cu ltivars of soybeans, but observed a se n s itiv ity  to
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bentazon in the 'H urre llb rink ' cu ltiv a r and a number of cu ltivars  
introduced from Japan. Using H ill (to le ra n t), Hurrelbrink (susceptible) 
and the F2 cross of H ill and Hurrelbrink soybean cu ltiv a rs , W ills and 
McWhorter (1974) concluded that tolerance and translocation of bentazon 
in soybeans is genetically controlled.
Penner (1975) found bentazon to in h ib it photosynthesis and 
respiration of both soybeans and Canada th is t le ;  however, photosynthesis 
was inhibited less and in h ib ition  of respiration recovered in soybeans.
Both photosynthesis and dark respiration ceased in bentazon treated  
cocklebur leaves at rates of 0.05 kg/ha and 0.25 kg/ha, respectively  
(Potter and Wergin, 1975). Fo liar application and root nutrient solution 
treatments of bentazon to rice  and nutsedge showed that i t  did in h ib it  
photosynthesis (Mine and Matsunaka, No date). Fo liar treatments 
inhibited photosynthesis faster than did root treatments. The 
to lerant rice recovered from its  in i t ia l  inh ib ition  of photosynthesis, 
in contrast to nutsedge which did not recover. Zaunbrecher and Rogers 
(1972) studied COg evolution from soybean and cocklebur tissue treated  
fo lia r ly  with 1.12 kg/ha bentazon. They found a 30% inh ib ition  of COg 
evolution in soybean le a f tissue for the f i r s t  48 hours, with an 
apparent recovery with time; whereas CO2 evolution in cocklebur was 
completely inhibited a fte r  6 hours with no evidence of recovery.
Mine and Matsunaka concluded that the inh ib ition  of photosynthesis 
is the primary mode of action fo r bentazon. Reasons fo r this conclusion 
are based on observations that the herbicidal a c tiv ity  of bentazon is  
low under dark conditions, that the herbicide has l i t t l e  e ffec t on plants
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that are s t i l l  th riv ing  on stored nutrients (tubers* e tc . ) ,  and that 
bentazon has l i t t l e  e ffe c t on nutsedge a t the tuber forming stage when 
shoots are rich in nutrients.
Mine and co-workers (1974) concluded that the primary s ite  of 
inh ib ition  of photosynthesis was the H ill reaction. The Igg fo r bentazon 
in  isolated Spinacia oleracea L. and Cyperus serotinus L. was 4.8 X 
IQ' 5 M and 4.0 X 10"^ M, respectively (Mine a~d Matsunaka, 1975). The 
Ig0 for diuron in spinach was 3.3 X 10~7 M. Chloroplasts of three 
species, corn, turnip green (Brassica rapa L .) and soybeans, showed 
essentia lly  the same I^g to diuron (Moreland and H i l l ,  1962).
The amount of time necessary fo r development of to x ic ity  symptoms 
in bentazon treated cocklebur decreased with increased levels of illu m i­
nance, however i t  was observed that the time necessary to stop photo­
synthesis was independent of lig h t (Potter and Wergin, 1975). In 
bentazon treated leaves, Potter and Wergin (1975) observed a 
degeneration of a l l  ce ll membranes which was gradual a t 35 Klux and 
sudden a t 86 Klux. They concluded that toxic by-products induced by 
the misdirected channeling of lig h t energy due to photosynthetic 
in h ib ition  by bentazon actually  caused the c e llu la r  damage and neucrosls.
I t  was shown that the mechanism of action o f monuron may be due to a 
build-up of a phytotoxic substance in the oxygen lib era tin g  pathway of 
photosynthesis (Sweetser and Todd, 1961).
Mine and Matsunaka (1975) demonstrated a reduction of in jury  from 
bentazon to Cyperus serotinus (susceptible) supplied with exogenous or 
endogenous carbohydrates. Nutsedge with tubers was more to lerant than
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nutsedge without tubers when treated with bentazon via nutrien t culture  
(Mine and Matsunaka, No date). Sucrose supplied to the lea f tips of 
diuron and several other substituted ureas treated barley plants kept 
the plants a live  and growing a t le ta l but moderate ra tes , however a t 
higher rates (35.84 kg/ha) the sucrose was less e ffec tive  (Genter and 
H ilto n , 1960).
Bentazon in Animals
The to x ic ity  of technical bentazon was investigated (BASF Wyandotte 
Corp., 1973) with various animals and the findings were as follows: 
rats - LD50 -  1100 mg/kg 
cats -  LD50 -  500 mg/kg 
mallard duck -  LDgg - 1600 mg/kg 
rainbow trout - LCgg @ 96 hours -  190 ppm 
bees -  harmless to bees 
Yoder (1975) found a low to x ic ity  and l i t t l e  or no bioaccumulation 
of bentazon in selected laboratory animals, water fowl, f is h , crustaceans, 
molluscs, and algae. He suggested that the polar nature of bentazon 
and its  major metabolites enhances rapid residual elim ination. Schirmer 
(1975) reported a low level of to x ic ity  fo r bentazon to w ild life .
Kupelian (1975) demonstrated that bentazon was not accumulated in 
animals fed the compound in a d ie t, and that bentazon was excreted as 
6 and 8-hydroxybentazon. Booth e t a l . (1973) studied the fate of
bentazon in a model ecosystem and concluded i t  does not accumulate in 
the aquatic food chain.
. , 14
The fresh water crab (Uca minex) in the C-bentazon treated  
ecosystem, however, did show considerable accumulation (almost 6 
ppm), but th is was prim arily an thran ilic  acid (Yoder, 1975). He 
also observed that bentazon can be degraded to products (e .g . an thran ilic  
acid, tryptophan) which are indistinguishable from natural components 
of the organism.
MATERIALS AND METHODS 
Selection and Preparation of Soils for Leaching and Metabolism Studies
The four soils fo r th is investigation were selected from the 
a llu v ia l flood plains of the Mississippi and Red Rivers. These areas 
were selected because of th e ir  prominance in Louisiana soybean produc­
tion . Two so ils , one fine textured and one medium textured, were 
sampled on May 6 , 1975 from Helena Plantation located in Tensas Parish, 
Louisiana (Mississippi River alluvium) and Dean Lee Agricultural Center 
located 1n Rapides Parish, Louisiana(Red River alluvium). The soils  
were taken from the top 7-10 cm layer of soil and transported to Baton 
Rouge in burlap sacks. The soil was dispersed and allowed to a i r  dry 
fo r seven days in the laboratory, then sieved through a 420 micron 
sieve. The soils were thoroughly mixed and samples were taken and the 
following was determined fo r each s o il: f ie ld  capacity (water retained
by a disturbed sample at 0.33 atmosphere fo r 24 hours), texture, pH, 
organic matter content, cation exchange capacity, and exchangeable 
cations (phosphorous, magnesium, calcium, sodium, and potassium). These 
are summarized in Table 1.
14Preparation of C Stocks
A stock solution of ^C-bentazon was prepared by adding 10 mg of 
^C-bentazon (specific a c tiv ity  13.1 uC1/mg uniformly labeled on the
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Table 1. Characteristics of soils used in metabolism Investigation . 3
Soil Series
Sharkey Commerce Latanier Norwood
Texture
s i l ty  
clay loam loam clay s i l t  loam
Organic Matter 
Content 3.90 0.99 2.16 0.81
C.E.C.b 
(meq/100 g) 28.3 9.9 31.7 19.8
pH 6.0 6.5 7.6 7.9
Field
Capacity (%) 38.54 16.51 36.09 26.55
Exchangeable 
Calcium (ppm) 3750 1060 4140 3360
Exchangeable 
Potassium (ppm) 558 172 383 120
Exchangeable 
Magnesium (ppm) 1032 235 1216 316
Exchangeable 
Sodium (ppm) 93 63 81 67
Exchangeable 
Phosphorous (ppm) 177 172 158 182
Analyses were conducted by the Louisiana State University Soil 
Testing Laboratory.
^C.E.C. is abbreviation fo r cation exchange capacity.
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phenyl ring) to one ml acetone which was then brought to a 10 ml 
volume with deionized water.
A ^C-diuron {specific a c tiv ity  4.112 yCi/mg) stock solution was 
prepared a fte r  purifying the ^4C-diuron using th in -layer chromatography 
using the solvent system, petroleum ether:chloroform:ethanol (7 :2 :1 , 
V/V/V).
Preparation of Liquid S c in tilla tio n  Cocktails
The following liq u id  s c in tilla t io n  cocktails were used to radio­
assay the samples indicated:
Cocktail A - Organic samples
PPO (2 ,5-diphenyloxazole) ------------------------------------  15 g
POPOP (1 ,4-bis[2-(phenyloxazolyl)]-benzene -------- 0.9 g
Toluene (s c in t illa t io n  grade) -----------------------------  3 L
Cocktail B -  Soil suspension samples
Cocktail A   10 ml
Cab-0-Sil ............................................. - ............................  0.5 g
Cocktail C - Methanol-2N: hydrogen chloride samples
Cocktail A   10 ml
0.1 N Sodium pyrophosphate (NaPP)   0.75 ml
T r ito n -X   5 ml
Cocktail D -  ^COg samples
Cocktail C   15 ml
Cab-0-Sil   0.5 g
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Preparation of Anhydrous 2N Hydrogen Chloride 1n Methanol
Hydrogen chloride gas was bubbled into anhydrous methanol un til a 
2N hydrogen chloride concentration (72,9 g hydrogen chloride/1000 ml 
methanol) was attained. The hydrogen chloride gas was generated by 
adding concentrated su lfu ric  acid to reagent grade potassium chloride. 
Molecular sieve (Matheson, Coleman and B ell) was added to absorb any 
tra c t of water which may have been present in the anhydrous 2N hydrogen 
chloride in methanol.
Leaching
The leaching study was conducted using modifications of soil column 
chromatography.
Soil column chromatography was conducted using 64 mm polyethelene
tubing, cut in lengths of 25 cm. Glass wool was placed in the t ip  of
each tube, and the soil was packed into each tube to a depth of 15 cm
and was packed by shaking the tubing. Approximately 19,000 dpm of
^C-bentazon or ^C-diuron was placed in the base of each soil column.
The tubes were placed in an Erlenmeyer flask f i l le d  to a depth of 20 cm
with deionized water. Columns were removed when the en tire  column had
become moistened. Each column was cut into 2.5 cm sections and the
sections were allowed to a ir  dry. The soil was removed from each
section of tubing, weighed, pulverized, and 50 mg aliquots were assayed 
14for C. The experiment was conducted as a randomized complete block 
with four replications.
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Extraction and Enzyme Study
Soil samples were taken from pots 1n which soybeans had been
14treated fo lia r ly  with about 6 mCi of C-bentazon. Although the soil
was not d ire c tly  treated , leaves from the treated plants fe l l  to the
14s o il, therefore e ffe c tiv e ly  exposing the so il to C-bentazon and its  
metabolites. The time lapse between treatment o f plants and harvest of 
soil was approximately 15 months.
Random 2.54 cm soil cores were taken from the pots, mixed and 
pulverized using a Wiley m ill with a 420 micron sieve.
Preliminary Extraction Study
Ten gram samples of a ir  dried soil were extracted fo r 15 minutes 
via the V ir t is  '45 ' homogenizer or the ultrasonic cleaner with a 30 ml 
of one of the following solvent(s):
(A) Methanol
(B) Methanol-2N hydrogen chloride.




Four samples were also extracted using the following sequence:
(1) 30 ml acetone (ultrasonic cleaner)
(2) 30 ml acetone (V ir t is  '45' homogenizer)
(3) 20 ml acetone and 10 ml methanol-2^ hydrogen chloride
(V ir t is  '45' homogenizer)
Each sample was f il te re d  and assayed via liq u id  s c in tilla tio n  fo r ^ C .
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Enzyme Study
Unextracted soil and soil which had been extracted in 10 g samples
for 15 minutes using the V ir t is  '45' homogenizer with methanol-2N
hydrogen chloride was incubated to determine i f  enzymes could be used
as a viable tool fo r extraction of 14C from 14C-bentazon treated s o il.
The extracted so il was washed with deionized water three times and the
pH was adjusted to its  orig inal pH of 6.75 using sodium hydroxide. The
14soils were then allowed to a ir  dry, then pulverized and assayed fo r C 
via liq u id  s c in ti lla t io n .
The buffers, pH of each bu ffer, and enzymes used with each buffer 
are lis ted  in Table 4. The concentration of a l l  buffers was 0.025 M 
and the concentration of each enzyme solution was 1.5 mg enzyme/ml 
b u ffe rJ  Each pH included a check containing no enzyme; a water check 
was also Included.
Each treatment consisted of 5 g of a ir  dried soil in a glass 
s c in tilla t io n  v ia l containing 15 ml of treatment solution. The v ia ls  
were shaken horizontally at a rate o f two 3 cm oscilla tions per second 
fo r 24 hours. Incubation temperature was 24.2 + 0.5°C. Each treatment 
was replicated 4 times in a randomized complete block design.
At the completion of incubation, each sample was immediately f i l ­
tered and rinsed with acetone. Both the f i l t r a te s  and the soils were
14samples and assayed fo r C.
Vrom personal communication with A. D. Larson, Department of 
Microbiology, Louisiana State U niversity , Baton Rouge, LA 70803
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Soil Metabolism Study
Treatments consisted of four d iffe re n t s te r ile  and nonsterile
14soils which were treated with C-bentazon and harvested a t 0 , 6 ,
12, 24, 48, 96 and 144 days. Treatments were replicated four times 
and the experimental design was a randomized complete block.
A 350 g sample of each soil was placed into 0.5 L glass ja rs  fo r  
s te r iliz a t io n . The so ils were exposed to a 60Cobalt source fo r 23 
hours fo r a to ta l exposure of 6,072,000 rads.
The soils were treated a t a rate of 7.5 pg/lOg s o il ,  which was 
approximately 1.5 kg/ha. Ten mg of ^C-bentazon was combined with a 
8.03 mg of unlabeled bentazon (Basagran 4 EC) to achieve the appro­
priate treatment concentration. The treatment solutions were 
divided equally into eight aliquots and placed into an amber wide 
mouth ja r  in a horizontal position. Before freezing , enough deionized 
water was added to the ja r  to bring the so il sample to 70% of f ie ld  
capacity.
A fter treatment solution was frozen, 300 g (calculated from 
oven dry weight) a ir  dried soil was added to each ja r .  The ja rs  were 
rolled horizontally fo r  3 hours a t 5°C to uniformly incorporate the 
herbicide as the ice melted.
Twenty-eight 10 g (calculated from oven dry weight) samples of each 
s o i l-s te r i l i ty  combination were weighed into a 0.5 L wide mouth glass 
ja r  and incubated in darkness a t 21 + 2°C un til analyzed. Each sealed
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sample ja r  was aerated fo r 30 minutes weekly; soil moisture was 
checked and adjusted to 70% of f ie ld  capacity with deionized water using 
an atomizer.
Each sample ja r  contained a tri-p o u r disposable beaker with 10 ml
14 2of 0.945 N sodium hydroxide to trap C02 . Aliquots of 0.5 ml were
taken from the sodium hydroxide and assayed fo r a t the 0.05
probability  level using a Beckman LS-250 s c in tilla tio n  counter.
Each 10 g soil sample was extracted for 4 hours with 30 ml acetone
in a 28.3 g sample ja r  using ultrasonic cleaner (Model 8845-4 Cole
Pramer Instrument Company, Chicago) in a cold room at 5°C. The sample
was f ilte re d  and duplicate 0.5 ml aliquots of the f i l t r a t e  were assayed 
14fo r C. The soil was removed from the f i l t e r  paper and extracted with
30 ml acetone for 15 minutes using a V ir t is  '45' homogenizer. The
samples were again f ilte re d  and duplicate 0.5 ml aliquots of the f i l t r a t e  
14were assayed fo r C. The acetone f i l t r a te s  were combined and stored a t 
5°C. The soil was then extracted with 10 ml 2N methanol-hydrogen chlo­
ride plus 20 ml acetone in a V ir t is  '45' homogenizer for 15 minutes and 
f i l te re d . The f i l t r a t e  was adjusted to pH 8.0 with concentrated 
ammonium hydroxide using indicator paper fo r pH determination. The 
f i l t r a t e  was centrifuged a t 46 X g for 10 minutes and the supernate 
decanted. The p e lle t was resuspended in acetone and centrifuged at 
46 X g for 10 minutes. The supernate was decanted and combined with
2
From personal communication with E. P. Dunigan, Department of 
Agronomy, Louisiana State University, Baton Rouge, LA 70803.
28
the f i r s t  supernate. The p e lle t , which was brown in color was discarded. 
Duplicate 0.25 ml aliquots of the supernates were taken and assayed for
The acetone f i l t r a te s  were evaporated to about 5 ml and the 
methanol-2f[ hydrogen chloride f i l t r a te s  were reduced to about 15 ml 
using the Buchi Rotovapor-R (Rinco Instruments Co., Greenville, I l l in o is ) .  
The acetone f i l t r a te s  were further evaporated to dryness with a ir ,  but 
the methanol-2N hydrogen chloride samples were too viscous to process 
fu rther.
Each acetone extract sample was dissolved in 0.5 ml diethyl ether 
and approximately 25,000 dpm was spotted on 20 X 20 cm glass thin  
layer chromatography plates coated with a 250 micron s ilic a  gel GF-254 
(Applied Science Laboratories, In c ., State College, Pennsylvania).
However, in some instances less than 25,000 dpm was spotted. Each 
spot was over spotted with a mixture of unlabeled bentazon, AIBA, NISAA, 
6-hydroxybentazon, 8-hydroxybentazon, and anthran ilic  acid. The thin  
layer plates were developed ascendingly in a developing chamber using 
the solvent system, petroleum: chloroform: ethanol: ammonium hydroxide 
(70:20:55:2, V/V/V/V). The developed th in layer chromatography plates 
were exposed d irec tly  to Kodak 'No Screen' Medical X-ray film  fo r 13 
days, at which time the film  was processed. The metabolites were 
detected under long wave, short wave, and short wave plus long wave 
u ltra v io le t lig h t for color characteristics; several metabolites were 
also visualized a fte r  24 hours exposure to the environment fo r color 
characteristics. Tentative id en tifica tio n  of bentazon and AIBA was
determined by comparing the autoradiograms to th in -layer plates. The
14id en tified  areas were scraped and ind iv idually  assayed fo r C. Each 




Bentazon was more mobile in a l l  soils than diuron (Table 2 ). In
14a ll  so ils , s ig n ifican tly  more of the applied C-bentazon was present 
in the top one-sixth of the soil column, which is in agreement with 
the work of Abernathy and Max (1973). S ign ificantly  more of the 
applied ^C-diuron was present in the bottom one-third of the soil 
column, and is thus in agreement with the work of Helling (1971).
Bentazon was more mobile in the Latanier soil than in any of the 
other so ils . The leaching patterns of bentazon in the two Mississippi 
River a llu v ia l so ils (Sharkey, Conmerce) were s im ila r. S ignificant 
differences in the leaching patterns of bentazon in the Red River 
a llu v ia l soils (Latanier, Norwood) were observed. Abernathy and Wax 
(1973) observed that high organic matter retarded bentazon movement in 
the soil more than high clay content.
M obility  of diuron was s ig n ifican tly  greater in the course 
textured soils (Commerce, Norwood) than in the medium textured soils  
(Sharkey, Latan ier). Liu e t a l . (1970) observed a high correlation  
between the adsorption of diuron and both the cation exchange capacity 
and the organic matter content of the s o il. Diuron was most mobile in 
the Commerce soil and the least mobile in the Sharkey s o il.
In conclusion, bentazon was very mobile in the soil and therefore
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Table 2. Movement of surface applied bentazon and dturon in 




Commerce Norwood Latanier Mean of a ll  soils
(cm) % of DPM applied
15.24 65.6 66.7 58.4 89.5 70.0
12.70 20.1 19.3 33.8 6.6 19.9
10.16 4.9 7.1 4.3 0.7 4.3
7.62 3.4 1.9 0.9 0.9 1.8
5.08 2.5 1.6 0.8 0.5 1.4
2.54 3.5 3.4 1.8 1.8 2.6
Total 14c added was approximately 19,000 dpm.




Commerce Norwood Latanier Mean of a ll soils
(cm) % o f DPM applied
15.24 0.9 2.7 0.8 0.5 1.2
12.70 0.4 10.1 1.5 0.3 3.1
10.16 0.4 13.1 5.2 0.4 4.8
7.62 0.3 17.1 18.0 4.7 10.1
5.08 19.5 28.2 35.0 40.6 30.8
2.54 78.5 28.7 39.5 53.5 50.0
Total 14C added was approximately 19,000 dpm 
L S D q  05 between s o ils + 7 .7 , between depths + 3.9
would be readily leached from the point of application 1n the soils  
studied. In related studies, several other investigators are in 
agreement with th is observation (Abernathy and Wax, 1973; BASF 
Wyandotte Corp., 1972, S to lle r e t a l . ,  1975).
Extraction Study
14 14The most e f f ic ie n t solvent fo r the extraction of C from C-
bentazon treated soil (incubated 15 months) was methanol-2N hydrogen
chloride (Table 3 ). Extraction with th is solvent using a V ir t is
homogenizer or an ultrasonic cleaner yielded 68.5% and 43.1%, respec- 
14tiv e ly , of the C in the s o il. Although methanol-2ji hydrogen chloride 
was the most e ff ic ie n t ex tractant, several problems existed which 
prevented its  use. One problem occurred when the extract was 
adjusted to pH 8 and reduced in volume. The viscosity o f the extract 
a fte r  a period of time became too great to spot. Another problem was 
that the solvent was very corrosive to metal, including stainless steel 
In an e ffo r t to a lle v ia te  these two problems, acetone plus methanol 
2N hydrogen chloride (1 :2 , V/V) was used. Extraction with the V ir t is  
homogenizer was 32.0% e ffec ien t.
Benzene and heptane were ineffective  in extracting from s o il. 
Methanol was 16-17% e f f ic ie n t . A 24 hr. water extraction using a 
shaker removed about one-fourth of the ^ C .
In order to extract and id en tify  as much from the soil as 
possible, a combination of solvents and extraction methods was used.
The sample was f i r s t  extracted with acetone using an ultrasonic
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14 14Table 3. Comparison of extraction techniques fo r C in C-bentazon 
treated s o il . 3
Solvent Volume Method of Extraction
% of DPM 
in s o ilb Replications
Methanol 30 ml Ultrasonic 16.1 3
V ir t is 17.3 4
Me0H-2N HCL 30 ml Ultrasonic 43.1 3
V ir t is 68.5 4
Heptane 30 ml Ultrasonic 0.8 3
V ir t is 1.2 3
Benzene 30 ml Ultrasonic 0.6 3
V ir t is 2.3 3
Water 36 ml Shaker 26.0 4
Acetone 30 ml Ultrasonic 8.3 4
Me0H-2N HCL 10 ml
and
Acetone 10 ml
V ir t is 32.0 4
SEQUENTIAL EXTRACTION
Acetone 30 ml Ultrasonic 8.7




MeOH-2N HCL 10 ml
and
Acetone 20 ml
V ir t is 43.9
Total 56.5 4
aSoil was incubated for 15 months a fte r  treatment with ^C-bentazon.
bTotal DPM in soil 515,000 dpm/10 g s o il.
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cleaner, second with acetone using a V ir t is  homogenizer, and las t
with acetone plus methanol-211 hydrogen chloride (1 :2 , V/V) using
14a V ir t is  homogenizer. A to ta l of 56.5% o f the C was extracted and 
a to ta l of 12.6% was acetone extracted. The acetone extract was 
analyzed using th in -layer chromatography in an attempt to Id en tify  
any compounds. I t  contained 76.1% bentazon, 17.5% AIBA, and 6.4% 
unidentified compound(s); however i f  the id en tified  14C was 
considered as a part of a to ta l present, then 9.6% was bentazon,
2.2% was AIBA, and 0.8% was unidentified 14C compound(s).
Enzyme Study
No sign ifican t differences were observed among any of the extrac­
tion treatments of unextracted 14C-bentazon treated s o il. However some 
highly s ign ifican t differences were noted among some of the extraction  
treatments of methanol-2N hydrogen chloride extracted soils (Table 4 ).
The cellu lase treatment was the only treatment that was s ig n if i­
cantly more e ffective  than water.
Water and the potassium chloride-hydrogen chloride (pH 2 .0 ) and
citrate-sodium phosphate (pH 3 .7 , 4 .7 ) buffers extracted s ig n ifican tly  
14more C than did e ither of the tris-malate-sodium hydroxide buffers.
Less 14C was extracted a t a higher pH (6 .3 , 7 .0) than a t a lower pH 
(2 .0 , 3 .7 , 4 .7 ).
There were no s ign ifican t differences between the enzyme treatments 
pepsin, pectinase, and hemicellulase with th e ir  respective buffers. 
However, there was a highly s ig n ifican t difference between protease
35
14Table 4. Extraction of C from unextracted and from extracted






(247,500 dpm) (57,876 dpm)
I . pepsin potassium chloride 2.0 29.3 7.04
hydrogen chloride
none 23.6 6.54
I I . pectinase citrate-sodium 3.7 34.1 10.8
phosphate
none 34.1 9.97













VI. none water 26.1 9.16
LSD0.05 N.S. +3.8
LSD0.01 +5.8
aSoil extracted with 2N hydrogen chloride in methanol.
and its  buffer and s ign ifican t differences between the lysozyme,
pronase, chitinase, ce llu lase , and emulsin enzyme treatments with
th e ir  respective buffers.
With the exception of the cellu lase treatment water was as
14e ffic ie n t in the extraction of C from extracted soil as any of the
other treatments. The results of th is investigation do indicate that
14
some enzyme treatments were useful in the removal of residual C
14from methanol-2N^ hydrogen chloride extracted C bentazon treated s o il.
Thin-layer Chromatography
The th in -layer chromatography solvent systems and the Rf values 
fo r bentazon and some of its  suspected metabolites are lis te d  in 
Tables 5 and 6 , respectively. The color characteristics of bentazon 
and its  possible metabolites are lis te d  in Table 7.
The PCEN solvent system was superior in separation effic iency  
as compared to the other solvent systems investigated. This solvent 
system, however, did not always develop with a uniform solvent front 
and on occasions plates had to be redone because the AIBA spots 
overlapped. Another problem encounted with the PCEN solvent system 
was that NISAA, 6-hydroxybentazon and 8 -hydroxybentazon co-chromato- 
graphed. The co-chromatography was not considered a serious problem 
in th is investigation because of the apparent minor occurrence of 
these metabolites in the s o il.
Using pure standards, ACEN appeared to have separation effic iency
Table 5. Thin-layer chromatography solvent systems.
Solvent Volumes of
System Solvents Solvent
PCEN -  Petroleum e t h e r ...............................70
C h lo ro fo rm ........................................20
Ethanol (100%)   55
Ammonium hydroxide (56%) . . .  2
ACEN -  Acetone.............................................. 45
C h lo ro fo rm ........................................45
Ethanol (100%)   60
Ammonium hydroxide (56%) . . .  2
PECAN - Petroleum e t h e r ...............................70
Ethanol (100%)  115
C h lo ro fo rm ....................................... 65
Acetone ............................................45
Anmonium h y d ro x id e ......................... 4
BEN -  Benzene...............................................20
Ethanol (100%)   29
Ammonium hydroxide ..................... 1
BDG -  Benzene.............................................. 90
D ioxane................................................25
Glacial acetic acid ..................... 4
CE -  C h lo ro fo rm ........................................ 3
Ethanol (100%)   1
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Table 6 . Thin-layer chromatographic behavior of bentazon 









PCEN 0.61 0.90 0.41 0.09 0.45 0.42
ACEN 0.56 0.90 0.38 0.09 0.56 0.56
PECAN 0.64 0.83 0.41 0.10 0.55 0.56
BEN 0.58 0.82 0.38 0.14 0.46 0.33
BDG 0.52 0.63 0.47 0.52 0.40 0.35
CE 0.50 0.95 0.39 0.78 0.43 0.20
Components of solvent systems are given in Table 5 .
Table 7. Color characteristics of bentazon and possible metabolites.
a fte r  24 hr. exposure 
to envi ronment 
in darkness
longwave UV shortwave UV short and longwave UV
BENTAZON none golden dark purple dark purple
AIBA none purple purple purple
NISAA none hard to see lig h t purple lig h t purple
AA dark yellow to tan purple purple purple
6-hydroxybentazon lig h t yellow to 
lig h t greenish yellow
lig h t golden lig h t black lig h t purplish black
8-hydroxybentazon pinkish brown very lig h t golden lig h t black lig h t black
CJto
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equal to PCEN. However, when an acetone extract was spotted, AIBA and 
bentazon co-chromatographed.
PECAN was excellent in separating a ll  metabolites except 6-hydroxy- 
bentazon and 8-hydroxybentazon from pure standards. As was the case 
fo r BEN and BDG, in PECAN the Rf's of the metabolites were too 
confined fo r use with soil extracts due to the 'ta i l in g ' or 'streaking' 
of certain metabolites. CE was good on occasions, but was too incon­
sistent for re lia b le  use.
Soil Metabolism
Data for each soil without regard fo r incubation times and
s te r i l i t ie s  were s ta t is t ic a lly  analyzed and the data are presented in 
14Table 8 . More C was accounted fo r in the medium textured soils
(Commerce, Norwood) than in the fin e  textured soils (Sharkey, Latan ier).
Two possible explanations fo r these differences are conceivable. Since
the soil samples were counted d ire c tly , increased self-absorption in the
fine textured so ils may have reduced the e ffic iency of radioassay, thus 
14reducing C d e te c ta b ility . Another explanation could be that
bentazon may have been converted to a v o la tile  by-product other than 
14CO2 . The only reported v o la tile  degradation of bentazon other 
14than CC>2 has been reported as a resu lt of photodegradation (Eastin, 
1974b).
There were differences in the to ta l extractable ^C  among so ils .
14More C was extracted from the Norwood soil and less from the Sharkey
s o il. No s ign ifican t differences in acetone extractable ^C
Table 8 . Extraction of and the d istribution  patterns of bentazon, AIBA, and other 1AC
compounds from four 14c-bentazon treated soils without regard for time or s te r i l i ty .
Soil
Acetone Extracted U C
MeOH 
2N HCL
Extract. Total . .
14C 14C 14C(j2
(V ir t is )  Extract. Evolved
14C
Remaining Total
in Acc't Bentazon 
Soil T*C
AIBA A11 a Other
Ultrasonic V ir t is  Total
hdm y m3 *  .
Sharkey 441 184 625 73 698 6.9 179 884 79.7 12.9 7.4
Commerce 693 143 836 65 901 1.7 86 998 86.5 9.7 3.8
Latanier 521 209 730 109 839 5.4 56 901 88.3 8.3 3.4
Norwood 624 204 828 122 950 5.6 43 998 88.6 8.0 3.4
LSDo.Ol +43 +17 +47 +26 +54 +0.7 +9 +50 +4.2 +3.2 +1.1
a
All other includes a ll  C assayed except bentazon and AIBA.
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were observed between the medium textured s o ils , however differences
14did occur between the fin e  textured so ils . An increase in C extracted 
via methanol-2N^ hydrogen chloride was apparent in the Red River a llu v ia l 
soils (Latanier, Norwood) as compared to the Mississippi River a llu v ia l 
soils (Commerce, Sharkey). More 14C remained in the fin e  textured 
soils a fte r  extraction than in the medium textured so ils ; thus in d i­
cating an increased adsorption of bentazon and/or its  by-products in 
course textured soils as compared to lig h t so ils .
The amount of bentazon in the ^4C acetone extract was less and 
the amount of AIBA and other 14C residues was greater in Sharkey soil 
than other s o ils . I t  could therefore be concluded that bentazon was 
degraded more rapidly in Sharkey soil than in the other so ils . Drescher 
and Otto (1973b) stated the contrary, that bentazon was degraded faster 
in a medium textured (loamy sand) soil than a fin e  textured s o il. The 
amount of bentazon, AIBA, and other 14C residues was not s ig n ifican tly  
d iffe ren t among the other soils (excluding Sharkey).
A s ta tis tic a l analysis for s te r i l i t ie s  without regard fo r soil 
or time was conducted and the data are present in Table 9.
There was more ^4C recovered from the s te r ile  soil than from the 
nonsterile s o il. Reasons fo r th is difference could be twofold. Bentazon 
may have been converted in the nonsterile soil to a v o la tile  compound, 
and hence the decrease in to ta l accountable ^4C. Secondly, the degra­
dation products o f bentazon may be t ig h tly  bound and/or incorporated 
into the organic portion of the s o il. Schrimer (1975) stated that 4̂C
Table 9. Extraction of C and the d istribution  patterns of bentazon, AIBA and other C compounds 










■i n i f f  ' t Bentazon AIBA A11 a Other3
S te r i1i ty Ultrasonic V ir t is Total (V ir t is )  Extract. Soil T4C
- - DPM X IQS %
S te rile 620 195 815 91 906 1.2 73 979 87.6 8.1 4.3
Non S te rile  520 175 695 94 789 8.6 109 906 84.0 11.3 4.7
LSDo.oi +30 +12 +33 N.S. +38 +0.4 + 5 +36 +3.0 +2.2 N.S.
a 14A ll other includes a ll C assayed except bentazon and AIBA
bentazon rapidly dissipates from the soil via microbial and photolytic
14degradation and by binding of the C with the humin fraction  of the
s o il. Rieck e t a l .  (1972) found two fungal isolates which could
u t i l iz e  bentazon as a sole source of carbon, hence bentazon could
14have been incorporated in these fungi and upon th e ir  death, the C 
would have become a part of the humin fraction  of the s o il.  Further­
more, Yoder (1975) observed that bentazon can be degraded to products 
which are indistinguishable from natural products and therefore, can
be u tiliz e d  by biological e n titie s  and eventually become part of the
14soil-humin frac tion . Since C bentazon and/or i ts  degradation
products can be incorporated or bound to the humin fraction  of the
14s o il, s e lf absorption could reduce the amount of C assayed, thus
14reducing the to ta l detected C.
14 14There was less to ta l extracted C and acetone extractable C
removed from the nonsterile s o il. These findings would support
14previous conclusions that portions of the C were bound or incorporated
into the humin fraction of the s o il. In a l l  s o ils , both s te r ile  and
nonsterile, a trend was observed fo r the ultrasonic cleaner to remove
approximately 75% of the acetone extractable ^ C . No interaction
existed between methanol-2f[ hydrogen chloride extractable and 
14s te r i l i t y .  The C remaining in the soil was less in the s te r ile  soil
than the nonsterile s o il.
14More COg was evolved from the nonsterile soil than the s te r ile  
so il, indicating that microbial a c tiv ity  was responsible fo r some of 
the degradation of bentazon in the nonsterile s o il.
There was less bentazon and more AIBA in the nonsterile soil 
extracts than in the s te r ile  soil extracts. Drescher and Otto (1973b) 
found that AIBA was the primary soil metabolite and that i t  is  
metabolized a t a fas ter rate than bentazon. From th e ir  observations, 
one would not expect to observe a build-up of AIBA.
With the exception of the nonsterile Sharkey s o il,  about 80-90% 
of the acetone extractable was bentazon and about 5-15% was AIBA.
In the nonsterile Sharkey s o il,  there was a decrease to 50.4% and 47.3% 
bentazon a t 96 and 144 days, respectively, with a corresponding build­
up of 40.7% and 44.6% of AIBA.
All soils of both s te r i l i t ie s  were s ta t is t ic a lly  analyzed fo r a l l  
times. The data are presented in Table 10 and as can be observed there 
were some highly s ig n ifican t in teractions. Basic trends of these data 
are discussed.
No trend could be ascertained fo r to ta l detected with time.
Both to tal extractable and acetone extractable seemed to
decrease with an increase in time. Drescher and Otto (1972b) reported
that methanol extractable from 14C-bentazon treated soil decreased
with increased time. Methanol-2N hydrogen chloride extractable
seemed to increase a fte r  48 days. There was a general increase in
14remaining in the soil and COg evolved with an increase in time.
At 96 and 144 days, there was an apparent decrease in bentazon 
and an increase in AIBA in the acetone extractable ^ C . I t  must be 
realized that since the to ta l amount of acetone extractable tends 
to decrease with time, there w ill be a corresponding decrease in the
14 14Table 10. Extraction of C and the d is tr ib u tio n  patterns of bentazon, AIBA and other C compounds
from 14C-bentazon treated soils as related to time without regard for soil or s te r i l i ty .
Time
Acetone Extracted 14C 









i n Acc' t  
Soil 14C
Bentazon AIBA A11 a Other
Days nPM x m3 *
0 722 244 966 54 1,021 0 28 1,049 87.0 7.7 5.3
6 554 298 852 64 916 0.4 36 954 86.0 9.7 4.3
12 576 150 726 58 784 1.0 64 849 89.0 7.0 4.0
24 609 190 699 27 726 4.5 91 921 87.9 8.4 3.7
48 621 162 783 46 829 5.0 84 919 87.4 8.7 3.9
96 471 126 597 210 807 8.8 148 963 81.3 14.4 4.3
144 434 123 557 187 744 14.5 184 942 81.9 12.2 5.9
LSDn m +58 +22 +62 +34 +71 +0.8 +12 +67 +5.7 +4.2 +1.3UtUl
aA ll other includes a ll  assayed except bentazon and AIBA.
14actual amount of bentazon, AIBA, and/or other C residues extracted. 
This observation is  more apparent in the nonsterile soil than in the 
s te r ile  s o il,  especially in the Sharkey s o il.
A s ta tis tic a l analysis was conducted to determine the interaction  
between the d iffe ren t soils and s t e r i l i t y .  Highly s ign ifican t in te r ­
actions occurred between the soils and s t e r i l i t y  for to ta l extractable  
14C, to ta l acetone extractable 4̂C, acetone ultrasonic extractable
14C, 14C remaining in extracted s o il ,  evolved, and the d is t r i -
14bution of bentazon, AIBA, and other C residues. A s ign ifican t
14interaction was observed fo r the acetone V ir t is  extractable C 
between the soils and s t e r i l i t y .
The s te r i l i t ie s  were s ta t is t ic a lly  analyzed with time and some 
of the major trends are present in Figures 1 and 2. There were
highly sign ifican t differences between s te r ile  and nonsterile soils
14 14with time fo r to ta l detected C, to ta l acetone extractable C,
acetone ultrasonic extractable 14C, ^4C remaining in extracted s o il,
14 14COg evolved, and d istribu tion  of bentazon, AIBA, and other C
residues.
14Correlations between the aspects in C recovery were determined 
on a basis o f amount o f ^4C present (Table 11). Correlations were 
class ified  as high i f  greater than or equal to 0 .7 , moderate i f  less 
than 0.7 or greater than or equal to 0 .4 , low i f  less than 0 .4 , and
48
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Figure 1. Extraction of from four s te r ile  ^C-bentazon 
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Figure 2. Extraction of from four nonsterile ^C-bentazon 
treated soils as a function of time.
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Table 11. Correlations of the interactions between aspects in  
™C recovery.
1A Total
V ir t is  Me0H-2N HCL Extracted CO? Accountable 
Extraction Extraction Soil Evolution DPM
Acetone
ultrasonic
extraction 0.26 -0 .35 -0 .54 -0 .59 -0.37
H.S. H.S. H.S. H.S. H.S.
Acetone
v ir t is
extraction -0.17 -9.55 -0 .37 -0 .25
H.S. H.S. H.S. H.S.
MeOH-2N HCL









none i f  0. Correlations, when present, were highly s ig n ifican t.
The acetone ultrasonic (All) extraction was correlated to a ll
other aspects. There was a decrease in the extracted via the
14acetone v ir t is  (AV) extractions as the C in the AU extraction
decreased. The AU extraction and the UV extraction was each
inversely related to in methanol-2N hydrogen chloride (MH)
extraction, remaining in extracted soil (ES), evolved
(CE) and to ta l detected (TA).
No s ig n ifican t correlation was observed between the MH extraction
and ES. Positive correlations were observed between the MH extraction
and both CE and TA.
As the ES increased so did the CE and TA. A positive correlation
was observed between the CE and TA.
There was a three factor in teraction  fo r s o il,  s t e r i l i t y  and
time fo r the soils investigated (Tables 12-19).
Sharkey. There was a decrease in to ta l extractable ^C  and to ta l
acetone extractable 14C with time fo r the nonsterile s o il. The ^C
14remaining in the soil a fte r  extraction and C evolved generally 
increased with time fo r the s te r ile  and nonsterile s o il ,  although the 
magnitude was much greater fo r the nonsterile s o il.
In the nonsterile soil there was a general decrease in bentazon 
and increase in AIBA with time, especially at 96 and 144 days. These
3
From personal communication with B. R. Farthing, Department of 
Experimental S ta tis tic s , Louisiana State U niversity , Baton Rouge, LA.
14 14 3Table 12. Extraction of C from C-bentazon treated s te r ile  and nonsterile Sharkey s o il.












Ultrasonic V irt is Total
Days DPM X 103
S 0 568 248 816 101 917 0 26 944
T 6 582 481 1,063 58 1,121 0.1 41 1,162
E 12 469 165 634 46 680 0.2 71 751
R 24 426 120 546 45 591 0.5 126 718
I 48 545 181 726 31 757 1.7 151 909
L 96 519 121 640 77 717 0.8 103 821
E 144 569 100 669 95 764 2.7 239 1,005
S 0 774 325 1,099 26 1,125 0 26 1,151
T 6 452 427 879 89 968 0.8 69 1,038
N E 12 648 188 836 100 936 1.7 178 1,116
0 R 24 325 92 417 51 468 10.3 276 755
N I 48 159 75 234 132 366 12.0 243 621
L 96 35 29 64 86 150 27.4 459 635
E 144 102 25 127 86 213 38.0 495 745
a 3
Total dpm applied was 1,203 X 10 dpm.
U1PO
Table 13. D is tr ib u tio n  patterns o f bentazon and i ts  suspected m etabolites in an acetone ex trac t
from '^C-bentazon trea ted  s te r i le  and n o n ste rile  Sharkey s o il .








8-OH AA Origin 0therb
Da DPM X 103 %
S 0 816 90.0 6.1 3.9 1.5 0.8 1.3 0.3
T 6 1,063 83.5 9.9 6.6 3.0 1.4 1.6 0.6
E 12 634 85.0 8.0 7.0 2.4 1.1 1.1 2.4
R 24 546 79.7 12.7 7.6 3.4 1.0 1.5 1.7
I 48 726 91.6 3.0 5.4 1.8 1.6 1.6 0.4
L 96 640 85.9 8.0 6.1 1.2 0.9 1.3 2.7
E 144 669 90.5 6.4 3.1 1.0 0.6 0.7 0.8
S 0 1,099 90.5 5.0 4,5 2.0 0.9 1.2 0.4
T 6 879 83.0 11.7 5.3 2.5 0.8 1.2 0.8
N E 12 836 88.2 7.5 4.3 1.3 0.6 0.9 1.5
0 R 24 417 83.3 12.1 4.6 2.0 0.8 1.1 0.7
N I 48 234 79.4 16.1 4.5 1.6 1.0 1.1 0.8
L 96 64 50.4 40.7 8.9 2.6 1.4 1.9 3.0
E 144 127 47.3 44.6 8.1 2.7 1.5 1.9 2.0
aAll other includes a ll assayed except bentazon and AIBA. 
bother includes not te n ta tive ly  id en tified .
Table 14. Extraction o f from ^4C-bentazon treated  s te r i le  and no nste rile  Commerce s o i l . 3















14cUltrasonic V ir t is Total
S 0 933 190 1,123 25 1,148 0 64 1,212
T 6 759 207 966 84 1,050 0.1 47 1,098
E 12 621 102 723 45 768 0.1 81 849
R 24 951 150 1,000 21 1,021 0.5 82 1,104
I 48 757 171 928 34 962 1.3 74 1,038
L 96 581 119 700 95 795 0.5 34 929
E 144 652 168 820 101 921 2.0 142 1,066
S 0 693 178 871 19 890 0 20 911
T 6 711 193 904 74 978 0.3 25 1,003
N E 12 568 93 661 51 712 0.4 62 774
0 R 24 729 120 849 35 884 1.7 74 959
N I 48 714 127 841 86 927 3.0 76 1,007
L 96 630 102 732 113 845 5.7 140 992
E 144 498 83 581 122 703 8.4 179 892
aTotal dpm applied was 1,203 X 10^ dpm.
Table 15. D is tr ib u tio n  patterns o f bentazon and i ts  suspected m etabolites in an acetone extract
from 14C-bentazon treated  s te r i le  and n o n ste rile  Commerce s o il .








8-0H AA Origin Other**
Da vs DPM X 103 %
S 0 1,123 82.7 7.4 9.9 4.8 1.6 2.6 0.9
T 6 966 88.0 8.8 3.2 1.2 0.6 0.8 0.6
E 12 723 90.4 6.7 2.9 0.9 0.5 0.8 0.7
R 24 1,000 90.5 6.7 2.8 1.2 0.5 0.6 0.5
I 48 928 91.7 6.0 2.3 0.8 0.3 0.7 0.5
L 96 700 86.0 10.1 3.9 1.0 0.7 1.0 1.2
E 144 820 89.9 7.9 2.2 0.6 0.4 0.7 0.5
S 0 871 73.7 18.3 8.1 3.3 1.5 2.1 1.1
T 6 904 90.0 7.6 2.4 0.8 0.4 0.8 0.4
N E 12 661 85.5 10.3 4.2 1.4 1.0 0.6 1.2
0 R 24 849 91.7 6.1 2.2 0.7 0.4 0.8 0.3
N I 48 841 91.6 6.2 2.2 0.7 0.4 0.7 0.4
L 96 732 78.3 17.0 4.7 1.1 0.9 1.6 1.1
E 144 581 81.6 15.8 2.6 0.8 0.5 0.6 0.7
a 14All other includes a ll  C assayed except bentazon and AIBA. 
h 14u0ther includes C not ten ta tive ly  id en tified .
cn
tn
14 14 aTable 16. Extraction of C from C-bentazon treated s te r ile  and nonsterile Norwood s o i l .














14CUltrasonic V irt is Total
Days —..... nr>M y—  U rn  A IU
S 0 905 250 1,155 29 1,184 0 47 1,231
T 6 584 259 843 98 941 0.1 35 977
E 12 465 169 634 62 696 0.2 40 736
R 24 725 262 987 16 1,003 1.1 43 1,048
I 48 932 153 1,085 9 1,094 1.5 33 1,129
L 96 577 177 754 324 1,078 2.0 59 1,139
E 144 394 144 538 394 932 6.2 64 1,002
S 0 712 209 921 13 934 0 13 947
T 6 523 219 742 20 762 1.2 20 784
N E 12 704 180 884 63 947 2.8 28 978
0 R 24 695 257 952 29 981 11.0 36 1,028
N I 48 758 189 847 14 961 11.3 33 1,006
L 96 392 171 563 334 897 16.9 74 989
E 144 365 208 573 308 881 24.2 78 984
aTotal dpm applied was 1,203 X 10^ dpm.
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Table 17. D is trib u tio n  patterns o f bentazon and i ts  suspected m etabolites in  an acetone ex trac t
from C-bentazon treated  s te r i le  and no nste rile  Norwood s o il .







8-OH AA Origin 0therb
Haye DPM X 103 ¥uays h
S 0 1,155 90.2 6.0 3.8 1.8 0.7 0.8 0.5
T 6 843 86.5 9.9 3.6 1.0 0.5 1.0 1.1
E 12 634 91.8 6.4 1.8 0.6 0.3 0.5 0.4
R 24 987 84.2 11.9 3.9 1.1 0.8 1.2 0.8
I 48 1,085 88.8 5.8 5.4 1.9 1.5 1.6 0.4
L 96 754 90.8 7.0 2.2 0.6 0.2 0.5 0.9
E 144 538 91.7 6.2 2.1 0.7 0.3 0.5 0.6
S 0 921 91.6 4.9 3.5 1.9 0.5 0.7 0.4
T 6 742 85.0 11.4 3.6 1.4 0.5 0.9 0.8
N E 12 884 88.3 5.5 6.2 2.0 2.4 1.4 0.4
0 R 24 952 89.5 7.3 3.2 1.0 0.5 1.0 0.7
N I 48 947 92.5 5.1 2.4 0.7 0.5 0.8 0.4
L 96 563 85.4 12.3 2.3 0.6 0.4 0.7 0.6
E 144 573 84.5 12.7 2.8 0.7 0.5 0.9 0.7
aAll other includes a ll  assayed except bentazon and AIBA.
b 14Other includes C not te n ta tiv e ly  id e n tif ie d .










U CS te r il ity  Time Ultrasonic V ir t is  Total (V ir t is ) Extract. Evolved in Soil
Days ---------------------------------------------------- DPM X 103
s 0 578 333 911 88 999 0 19 1,019
T 6 394 307 701 69 770 0.1 27 797
E 12 450 146 596 39 635 0.1 28 663
R 24 629 269 898 10 908 0.7 41 950
I 48 645 179 824 9 833 3.4 35 872
L 96 682 159 841 344 1,185 2.3 93 1,281
E 144 561 127 688 185 873 5.7 95 974
S 0 615 220 835 136 966 0 13 979
T 6 428 297 725 24 749 1.0 24 774
N E 12 684 155 539 57 896 2.2 28 925
0 R 24 494 248 742 12 754 9.9 48 812
N I 48 460 225 685 56 741 6.1 29 775
L 96 349 131 480 304 784 15.2 118 917
E 144 334 125 459 203 662 28.6 181 872
a 3Total dpm applied was 1,203 X 10 dpm.
inCO
Table 19. D is trib u tio n  patterns o f bentazon and i ts  suspected m etabolites in  an acetone ex trac t
from ‘ C-bentazon treated  s te r i le  and no nste rile  Latanier s o il .
Acetone NISAA
Ext. A lla 6-OH
S te r il ity Time 14c Bentazon AIBA Other 8-OH AA Origin Other0
Days DPM X 103 ----------------------------------------------- %
S 0 911 86.9 8.2 4.9 2.6 0.7 1.3 0.3
T 6 701 82.9 11.7 5.4 1.6 0.9 1.8 1.1
E 12 596 90.5 7.7 1.8 0.6 0.3 0.5 0.4
R 24 898 90.9 4.6 4.5 0.7 0.6 1.7 1.5
I 48 824 73.1 19.6 7.3 2.0 1.3 2.7 1.3
L 96 841 87.7 9.0 333 0.6 0.5 0.8 1.4
E 144 688 93.0 5.3 1.7 0.5 0.3 0.5 0.4
S 0 835 90.4 5.9 3.9 2.3 0.6 0.8 0.2
T 6 725 91.3 6.3 2.4 0.5 0.5 0.7 0.7
N E 12 839 92.1 4.1 3.9 0.8 0.4 2.1 0.5
0 R 24 742 93.4 5.2 1.4 0.5 0.3 0.4 0.2
N I 48 685 90.0 7.8 2.2 0.7 0.4 0.7 0.4
L 96 450 86.5 10.6 2.9 0.6 0.5 1.1 0.7
E 144 459 88.4 9.7 1.9 0.5 0.3 0.5 0.6
aAll other includes a ll assayed except bentazon and AIBA.
b 14Other includes C not te n ta tiv e ly  id e n tif ie d .
observations coupled with decrease in acetone extractable  
indicate that there is a decrease in id en tifiab le  bentazon and a 
somewhat constant amount o f AIBA. There wasno actual build-up of 
AIBA in acetone extract as the data would indicate. These results  
indicate that bentazon and AIBA are read ily  degraded or adsorbed 
to soi1.
14Commerce. With time there was an increase in the C remaining
14in the extracted soil and COg evolved for the nonsterile s o il.
A fter 48 days there was an apparent decrease in bentazon and increase
14in AIBA in the to ta l acetone C extracts in the nonsterile s o il.
Norwood. In the s te r ile  and nonsterile s o ils , there was a
14decrease in acetone extractable C with time and an increase in the
14methanol-2N hydrogen chloride extractable C a t 96 and 144 days.
14Increased C in extracted soil was an observed trend fo r the non- 
14s te r ile  s o il. CĈ  evolution generally increased with time for both
s te r ile  and nonsterile s o ils , but the magnitude was much greater
for the nonsterile s o il.
The d is tribu tion  patterns fo r bentazon, AIBA, and other
residues did not appear to vary with s t e r i l i t y ,  although an apparent
increase in AIBA did occur in the nonsterile soil a t 96 and 144 days.
14There was also a decrease in acetone extractable C with time
and thus, a decrease in the amount of id e n tifia b le  ^ C .
Latanier. Both the to ta l extracted and the acetone 
14extractable C generally decreased with time in the nonsterile s o il.
14There was an increase in C extracted via methanol-2N hydrogen
chloride fo r both s te r ile  and nonsterile so ils at 96 and 144 days.
The 14C remaining in the extracted soil and evolved generally
increased with time for s te r ile  and nonsterile soils but the magnitude 
was greater for the la t te r  indicating microbial action.
14The d istribu tion  pattern fo r bentazon, AIBA, and other C 
residues were generally the same for both s te r ile  and nonsterile s o il. 
There was, however, a drop in the 4̂C in the acetone extract, therefore 
a drop in the amount of bentazon and AIBA found.
SUMMARY
The fa te  of bentazon was investigated in Sharkey s i l ty  clay loam, 
Commerce loam, Latanier c lay, and Norwood s i l t  loam so ils . The deposi­
tion of 14C label was found to vary with soil type, s te r i l i t y  and time.
The movement of bentazon was studied using modifications of soil 
chromatography. Bentazon was very mobile in a ll  soils studied, but 
was more mobile in the Latanier s o il.
A number of th in -layer chromatography solvent systems were inves­
tigated for the separation of bentazon and its  suspected metabolites. 
Petroleum ether:ethanol (100%):ammonium hydroxide (56%) (70:20:55:2, 
V/V/V/V) was the superior solvent system fo r conditions of this  
investigation.
The greatest amount of 4̂C was extracted from the Norwood soil and
14the least from the Sharkey s o il. An increase in C extracted via 
methanol~2N hydrogen chloride was apparent in the Red River a llu v ia l 
soils (Latanier, Norwood) as compared to the Mississippi River a llu v ia l 
soils (Sharkey, Commerce). More ^4C remained in the fin e  textured 
soils a fte r  extraction than in the medium textured so ils ; thus in d ica t­
ing an increased adsorption of bentazon and/or its  degradation products
14in fin e  textured s o il.  The amount of bentazon in the C acetone
14extract was less and the amount of AIBA and other C residues was 
greater in Sharkey soil than other so ils . I t  was concluded that
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bentazon was degraded more rapidly in Sharkey soil than in other 
soils studied.
There was less to ta l extractable and acetone extractable
removed from the nonsterile s o il. In a l l  so ils , both s te r ile  and
nonsterile, a trend was observed for the ultrasonic cleaner to remove
approximately 75% of the acetone extractable ^ C . Less remained
14in the s te r ile  soil than in the nonsterile s o il. More COg was
evolved from the nonsterile soil than the s te r ile  soil indicating that
microbial a c tiv ity  was prevalent in the nonsterile s o il. There was
less bentazon and more AIBA in the nonsterile than in the s te r ile
acetone extracts.
There was a general increase in remaining in the soil and
evolved with increased time. At 96 and 144 days, there was an apparent
decrease in bentazon and an increase in AIBA in the acetone extractable  
14C. This observation was more apparent in the nonsterile soil than 
the s te r ile  soil especially in the Sharkey s o il.
14A number of techniques were used in an attempt to maximize C
14recovery from C-bentazon treated s o il. The most e f f ic ie n t  solvent
for extraction was methanol-2N hydrogen chloride which removed 68.5%
14of the C. The V ir t is  homogenizer was generally more e ffec tive  for 
extraction than the ultrasonic cleaner. Benzene and heptane were 
in e ffe c tiv e , whereas methanol and water was responsible fo r extraction  
of one-sixth and one-fourth of the ^ C , respectively.
A combination of solvents and extraction techniques were used.
The f i r s t  extraction was with acetone via the ultrasonic cleaner,
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the second with acetone via the V ir t is  homogenizer, and the las t
with acetone plus methanol-2N hydrogen chloride (2 :1 , V/V) via the
V ir t is  homogenizer. S lig h tly  over one-half (56.5%) of the
was extractable via these tractions, but only about one-eight (12,6%)
was acetone extractable and id e n tifia b le . The acetone extract was
analyzed and te n ta tive ly  id en tified  to contain 76.1% bentazon, 17.5%
14AIBA, and 6.4% other C compounds.
No s ign ifican t differences were found among any of the enzyme
14extraction treatments of the unextracted C-bentazon treated s o il,  
but highly s ig n ifican t differences were ascertained among some of 
the treatments of the extracted s o il. The cellu lase treatment was 
s ig n ifican tly  more e ffec tive  than water. Water and the potassium 
chloride-hydrogen chloride and the citrate-sodium  phosphate buffers 
extracted s ig n ifican tly  more than e ither of the tris -m a la te - 
sodium hydroxide buffers. There was a highly s ign ifican t difference  
between protease and its  buffer and s ig n ifican t differences between 
lysozyme, pronase, chitinase, ce llu lase , and emulsin enzyme treatments 
with th e ir respective buffers. Results of th is  investigation indicate 
that some enzyme treatments were useful in the removal of residual 
from methanol-2N hydrogen chloride extracted ^C-bentazon treated  
soi 1.
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